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Introduction
Cefazolin is a parenteral first-generation cephalosporin 
with good activity against gram-positive cocci 
(Staphylococcus species, including beta (β)-lactamase pro-
ducing strains, and Streptococcus species) and many 
Enterobacteriaceae (Escherichia coli, Klebsiella species, 
Proteus mirabilis), Pasteurella species and anaerobes.1,2 A 
breakpoint for bacteria isolated from animals has been 
set at ⩽2 μg/ml.3 Cefazolin, as with other β-lactams, is 
characterized as having time-dependent killing antibi-
otic activity with minimal persistent effects. Therefore, 
antibiotic plasma concentrations should be kept above 
the minimum inhibitory concentration (MIC) for as long 
as possible during the antibiotic therapy (where this 
length of time is T >MIC). It has been established that a 
T >MIC of 40–50% of the dosing interval is appropriate 
for a successful outcome.4,5

Parenteral first-generation cephalosporins (cepha-
lothin and cefazolin) are usually recommended for 
prophylaxis of surgical wound infections. Although they 
are very similar, cefazolin surpasses cephalothin in some 
important aspects. Cefazolin, unlike cephalothin, has no 

nephrotoxic effects,6 or adverse effects on blood clotting 
and platelet function (platelet aggregation, bleeding 
time, platelet count, platelet size, prothrombin time or 
activated partial thromboplastin time).7 Additionally, 
cefazolin is somewhat more active against gram- 
negative bacteria than cephalothin,2 providing more 
benefit for prophylaxis of surgical wound infections.

Cefazolin pharmacokinetics has been extensively 
studied in dogs.8–13 It has also been studied in other  
animal species, such as goats,14 horses,15 calves16 and 
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laboratory animals.8 Cefazolin is rapidly distributed 
throughout most body fluids, penetrating poorly across 
biological membranes and physiological barriers. 
Reported volumes of distribution are in the range of  
0.2–0.3 l/kg. Cefazolin protein binding has been proved 
to be very variable among species (from 80% in people to 
19% in dogs);6,9 however, it has not been determined in 
cats. In dogs, the low protein binding percentage is 
related to antibiotic diffusion to tissues, which parallels 
plasma concentrations,9,11 favoring a rapid distribution 
from plasma to interstitial fluid. Cefazolin is rapidly 
eliminated in urine by glomerular filtration and tubular 
secretion; the reported elimination half-life (t½) in dogs is 
around 1 h.8,9,11,13

The main indication of cefazolin in human and veteri-
nary medicine is for perioperative prophylaxis in surger-
ies classified as type 2 (clean-contaminated wounds).17 
For this purpose, it is administered intravenously around 
30 mins prior to surgical incision (to allow achievement 
of therapeutic concentrations at tissue level when inci-
sion is performed). Administration can be repeated 90 
mins later in lengthy surgeries or when significant blood 
loss occurs. According to Rosin et al,11 one intravenous 
administration is enough in dogs; however, if necessary, 
an additional subcutaneous administration can be 
performed.

To the best of our knowledge, cefazolin pharmacoki-
netics have not yet been described in domestic cats. 
Therefore, the aim of this study was to characterize the 
plasma pharmacokinetics and renal excretion of cefazo-
lin, as well as to determine its concentrations in some 
selected tissues in cats under surgical conditions.

Materials and methods
Experimental animals
Nine experimental mixed-breed cats (three females, six 
males) aged 1–1.5 years, with mean ± SD weight of 4.02 
± 0.90 kg, were included. All cats were healthy, as deter-
mined by clinical examination, complete blood and 
serum biochemical analysis, and urinalysis. Animals 
were housed in the facilities of the Facultad de Ciencias 
Veterinarias, Universidad de Buenos Aires, and allowed 
to acclimatize for 2 months before the experiment. Access 
to a high-quality commercial dry food (Purina ProPlan; 
Nestle) and water was ad libitum.

All animal procedures were approved by the 
Institutional Animal Care and Use Committee,  Facultad 
de Ciencias Veterinarias, Universidad de Buenos Aires, 
Argentina.

Dosage form
An aqueous 10% (cefazolin equivalent) w/v solution of 
cefazolin sodium salt (Cefazolina Richet; Richet) was 
administered intravenously at a dose rate of 20 mg/kg. 
The dose was diluted in 2.5 ml saline solution (NaCl 

0.9%) before administration and injected through the 
cephalic vein over a 2 min period.

Experimental design
Prior to starting the study, two catheters (Jelco; Smiths 
Medical International) were placed into the cephalic 
veins. One (24 G) was for antibiotic and fluid (NaCl 
0.9%, 10 ml/kg/h) administration and the other (22 G) 
for blood sample withdrawal.

The urethra was also catheterized to collect all urine 
produced during the complete duration of the study (6 h).

Surgical procedures (ovariectomy or orchiectomy) 
were performed under general parenteral anesthesia, 
according to conventional standard techniques (mida-
zolam 0.2 mg/kg [Midazolam; Richmond Vet Pharma]; 
ketamine 10 mg/kg [Ketonal 100; Richmond Vet 
Pharma]; xylazine 0.5 mg/kg [Rompun; Bayer]). 
Cefazolin was administered intravenously, at a dose rate 
of 20 mg/kg, 30 mins prior first surgical incision.

Blood sampling
Blood samples (0.7 ml) were collected into heparinized 
syringes at 0.08; 0.16; 0.33; 0.50; 0.75; 1; 1.50; 2; 3; 4; and  
6 h after cefazolin administration.

Samples were centrifuged at 1500 g for 15 mins and 
the harvested plasma stored at −20°C until analysis.

Urine sampling
Starting with an emptied urinary bladder, all urine pro-
duced after cefazolin administration was collected at 1 h 
intervals. The volume of each sample was recorded and 
an aliquot was stored at −20°C.

Tissue sampling
Tissue samples (0.02–0.1 g) were taken at 0.5–1 h postad-
ministration. Selected tissues/organs were skin, subcu-
taneous, muscle, ovary and uterus in female cats, and 
skin, testicle and epididymis in males. Samples were 
rinsed briefly with saline solution and dried through 
gentle pressure with sterile gauze for removing blood 
contamination. Subsequently, they were weighed and 
stored at −20ºC.

Cefazolin was eluted from tissue samples following a 
technique described by Bamberg et al.18 Briefly, samples 
were cut into small pieces and diluted with phosphate 
buffer pH 6 (in a ratio 1:2 w/v) and incubated for 24 h at 
4ºC, applying agitation for the first 40 mins of incuba-
tion. Finally, they were centrifuged (1500 g for 15 mins) 
and the supernatant harvested and stored until assay.

All collected samples (plasma, urine and tissue) were 
assayed within 2 weeks of collection.

Cefazolin determination
Cefazolin plasma, tissue and urine concentrations were 
determined by microbiological assay,19 using Bacillus 
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subtilis ATCC 6633 as test microorganism. Standard 
curves were prepared on normal cat plasma, phosphate 
buffer pH 6 or normal cat urine, depending on the sam-
ple matrix to be quantified.

Each sample was seeded in triplicate and each stand-
ard dilution in quintuplicate.

Limit of detection and quantification of the method for 
the three assayed matrices was 0.78 µg/ml and 1.56 µg/ml.

The method was linear between 0.78 and 100 µg/ml  
(r = 0.9982). Inter- and intra-assay coefficients of varia-
tion were <10%.

Pharmacokinetic analysis
Individual cefazolin plasma concentration vs time 
curves were analyzed by non-linear least square regres-
sion analysis using computer software (Phoenix 
WinNonlin 6.3, 2005–2012; Certara).

Initial estimates were determined using the residual 
method,20 and refitted by non-linear regression.

The number of exponents needed for cefazolin intrave-
nous administration data were determined by applying 
the Schwartz and Akaike criterions,21,22 and the residual 
distribution around the estimated concentrations.

Most pharmacokinetic parameters were calculated 
using classic equations associated with compartmental 
analysis.20

Results
Adverse effects were not observed during or following 
intravenous administration of cefazolin in any of the 
cats.

Cefazolin plasma disposition curves in all the animals 
were best fitted to a biexponential model (Figure 1) 
according to an open bicompartmental model:

C = Y exp t  + Y exp t( ) ( )( )t 1 1 2 2− λ λ

Where C(t) (µg/ml) represents cefazolin plasma concen-
tration at t time; Y1 and Y2 (µg/ml) are the concentrations 
extrapolated to 0 time of the distribution and elimination 
phase, respectively; and λ1 and λ2 (per h) are the slopes 
for the distribution and elimination phase, respectively.

The average equation for the model was:

Cp   e   e t= +− −86 88 50 157 81 0 62. .. .

The main pharmacokinetic parameters are reported in 
Table 1.

Cefazolin showed a fast distribution, reflected by the 
rate constant of the process (λ1 7.81 ± 5.91 h–1) and its 
short half-life (T½(d) 0.16 ± 0.15 h). The extent of distribu-
tion was moderate (V(d[ss]) 0.29 ± 0.10 l/kg).

Cefazolin was rapidly eliminated from the body with 
a total body clearance (ClB) of 0.21 ± 0.06 l/h/kg, a t½ of 
1.18 ± 0.27 h and a mean residence time (MRT) of 1.42 ± 
0.36 h.

Cefazolin tissue concentrations and tissue/plasma 
concentrations ratio are shown in Table 2. Tissue concen-
trations were always lower than the corresponding 
plasma concentrations. The highest concentrations were 

Figure 1  Simulated cefazolin plasma concentration–time profile after intravenous administration at a dose of 20 mg/kg (−) and 
mean ± SD (▲) (n = 9). Minimum inhibitory concentration (MIC) values correspond to breakpoint for cefazolin (MIC = 2 µg/ml)
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found in ovaries, uterus and epididymis, while the lowest 
were found subcutaneously and in muscle and testicles.

Cefazolin was rapidly and almost totally eliminated in 
urine (84.22% of the total administered dose in a 6 h period). 
The cumulative amount excreted in urine throughout the 
study is shown in Figure 2. Cefazolin urine concentrations 
were very high at all sampling times, with a peak value of 
1378.13 ± 832.02 µg/ml during the first hour and, a mini-
mum of 332.41 ± 237.01 µg/ml during the sixth hour.

Discussion
Perioperative antimicrobial prophylaxis is recom-
mended for various surgical procedures to prevent sur-
gical site infections. Optimal antimicrobial agents for 
prophylaxis should be bactericidal, non-toxic and 
achieve active concentrations against the typical patho-
gens that can cause surgical site infection postopera-
tively. Owing to its characteristics cefazolin is the usual 
choice for prophylaxis in the perioperative period in 
both human and veterinary medicine.

It is important to highlight that to achieve a proper 
prophylactic effect it is necessary to know the antibiotic 
plasma disposition, as well as its permanence at the site 
of action.

Pharmacokinetic studies of antimicrobial agents are 
most often performed in awake animals. Because the 
physiology of the anesthetized surgical patient is differ-
ent from that of the awake patient, in the present study 
the pharmacokinetics of cefazolin were examined in cats 
under general anesthesia.

A weakness of the present study is that samples taken 
from tissues correspond to a unique time point after 
cefazolin administration. However, the sampling time 
was chosen taking into consideration surgical timing 
when the highest antibiotic concentrations in tissues are 
required.

Although the temporal pattern of cefazolin tissue 
concentrations cannot be predicted from a unique data 
point, it has been reported that tissue concentration 
declines in parallel to the plasma disposition curve.9,11

Cefazolin concentrations in all of the studied matrices 
were determined through the microbiological assay.19 
This method is criticized by some authors; however, for 
cefazolin, it was selected because its sensibility, simplic-
ity and high correlation with high-performance liquid 
chromatography determination.23,24 Moreover, as cefazo-
lin is almost completely eliminated through the kidneys 
as the active compound in all studied species (rats, dogs, 
sheep, goats and humans),8,25 the microbiological assay 
would be appropriate to quantify its concentrations in 
biological specimens. Another issue with this method is 
its low sensitivity (limit of quantification [LOQ] 1.56 µg/
ml). However, considering that the LOQ of the method is 
below the cumulative cafazolin breakpoint concentra-
tion (2 µg/ml) it can be applied for determination of effi-
cacious cefazolin concentrations in biological matrices.

Plasma cefazolin disposition curves after intravenous 
administration were best fitted by an open bicompart-
mental model in all the cats. This is in agreement with 
studies performed in dogs,13 calves16 and goats.14

As shown in Figure 1, immediately after cefazolin 
intravenous administration, plasma concentrations were 
very high (Cp(0) 134.80 µg/ml), and declined sharply (as 

Table 2  Cefazolin tissue concentrations (mean ± SD) 
and tissue/plasma concentration ratios after intravenous 
administration (20 mg/kg) (n = 9)

Tissue (n) Tissue concentration 
(µg/ml)

Tissue/plasma 
concentration 
ratio

Skin (9) 13.33 ± 5.14 0.33 ± 0.07
Subcutaneous (6)   9.24 ± 3.74 0.19 ± 0.09
Muscle (6)   9.39 ± 3.68 0.18 ± 0.05
Ovary (6) 26.44 ± 9.75 0.58 ± 0.26
Uterus (3) 26.12 ± 6.32 0.55 ± 0.10
Testicle (12)   9.98 ± 4.74 0.26 ± 0.05
Epididymis (12) 21.47 ± 7.86 0.57 ± 0.12

Table 1  Pharmacokinetic parameters of cefazolin after 
intravenous administration to cats at a dose rate of  
20 mg/kg (n = 9)

Pharmacokinetic 
parameter

Intravenous administration 
(mean ± SD)

C1 (µg/ml) 86.88 ± 35.99
C2 (µg/ml) 50.15 ± 18.62
Cp(0) (µg/ml) 134.80 ± 40.54
λ1 (h–1) 7.81 ± 5.91
λ2 (h–1) 0.62 ± 0.16
AUC(0–t) (µg/h/ml) 97.49 ± 28.77
AUC(0–∞) (µg/h/ml) 102.26 ± 28.41
K12 (h–1) 3.78 ± 3.65
K21 (h–1) 2.95 ± 1.98
t½(d) (h) 0.16 ± 0.15
Vc (l/kg) 0.15 ± 0.05
V(d[ss]) (l/kg) 0.29 ± 0.10
ClB (l/h/kg) 0.21 ± 0.06
t½ (h) 1.18 ± 0.27
MRT (h) 1.42 ± 0.36

C1, C2 = y axis intercept terms; Cp(0) = plasma concentration at 0 
time; λ1 = distribution rate constant; λ2 = elimination rate constant; 
AUC(0–t) = area under the plasma concentration vs time curve 
from 0 to the last sampling time; AUC(0–∞) = area under the plasma 
concentration vs time curve from 0 to infinite; K12 = rate constant for 
passage from central to peripheral compartment; K21 = rate constant 
for passage from peripheral to central compartment; Vc = volume of 
central compartment; V(d[ss]) = volume of distribution at steady state; 
t½(d) = distribution half-life; ClB = body clearance; t½ = elimination 
half-life; MRT = mean residence time
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is reflected by the distribution and elimination rate con-
stants). Concentrations remained above the MIC break-
point (2 µg/ml) for >4 h and were above the limit of 
detection (>1 µg/ml) up to the last sampling time in 8/9 
animals.

The observed plasma pharmacokinetic profile of cefa-
zolin in cats is as expected for a β-lactam antibiotic; simi-
lar results have been reported in other species.8–16 
Moreover, cefazolin pharmacokinetic parameters in cats 
are very similar to those reported for cephalothin in this 
species.26

The mean cefazolin tissue concentrations found in 
this study were relatively high and estimated tissue/
plasma ratio for all tissues were always less than unity. 
These results confirm that distribution of cefazolin is 
restricted to the vascular space and the extracellular 
fluid. However, it is known that antibiotic concentration 
measured from tissue homogenates should be carefully 
considered and not used to draw direct conclusions on 
drug activity or to predict antibiotic efficacy in tissue 
infections.27

As with many β-lactams, cefazolin is eliminated in the 
urine by glomerular filtration and tubular secretion. The 
high urine concentrations observed in the present study 
are in good agreement with values   found in human 
studies (≈4000 µg/ml).6

The rapid urinary excretion of cefazolin (84.2% of the 
administered dose in a 6 h period – equivalent to five 
half-lives) found in this study is similar to that reported 
for dogs (80% in 8 h).8

According to its bacterial-killing kinetics, cefazolin is 
classified as a time-dependent antimicrobial agent, and 

the ideal dosing regimen would maximize the duration 
of drug exposure. The length of time that its concentra-
tion remains above the MIC, that is, the T >MIC, is the 
parameter that best correlates with efficacy. Therefore, to 
predict the efficacy of cefazolin for surgical infection 
prophylaxis, the MIC values that should be used are 
those reported   for pathogenic bacteria that most com-
monly colonize wounds. In this context, Staphylococcus 
species is one of the most commonly reported bacteria. 
Applying the Clinical and Laboratory Standards Institute 
MIC breakpoint (⩽2µg/ml),3 cefazolin plasma and tis-
sue concentrations will remain well above this value for 
more than 4 h.

Conclusions
According to its pharmacokinetic profile and tissue concen-
trations, a unique cefazolin intravenous administration of 
20 mg/kg to cats provides adequate plasma and tissue con-
centrations to guarantee antimicrobial coverage for most 
common pathogens that colonize surgical sites.
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Figure 2  Cumulative cefazolin (CFZ) urinary elimination after its intravenous administration to nine cats at a dose rate of 20 mg/kg

 at CORNELL UNIV on September 13, 2016jfm.sagepub.comDownloaded from 

http://jfm.sagepub.com/


6	 Journal of Feline Medicine and Surgery ﻿

References
	 1	 Papich MG and Riviere JE. β-lactam antibiotics: penicil-

lins, cephalosporins, and related drugs. In: Riviere JE and 
Papich MG (eds). Veterinary pharmacology and therapeu-
tics, 9th ed. Ames, IA: Wiley-Blackwell, 2009, pp 865–893.

	 2	 Prescott JF. Beta-lactam antibiotics: cephalosporins. In: 
Giguère S, Prescott JF and Dowling PM (eds). Antimi-
crobial therapy in veterinary medicine. 5th ed. Ames, IA: 
Wiley Blackwell, 2013, pp 153–173.

	 3	 Clinical and Laboratory Standards Institute. CLSI performance 
standards for antimicrobial disk and dilution susceptibility 
test for bacteria isolated from animals. second informational 
supplement CLSI document VET01-S2. Wayne, PA: Clinical 
and Laboratory Standards Institute, 2013.

	 4	 Turnidge JD. The pharmacodynamics of β-lactams. J Clin 
Infect Dis 1998; 27: 10–22.

	 5	 Papich MG. Pharmacokinetic-pharmacodynamic (PK/PD) 
modeling and the rational selection of dosage regimes for 
the prudent use of antimicrobial drugs. Vet Microbiol 2014; 
171: 480–486.

	 6	 Roberts JA, Lipman J and Paterson DL. Cephalothin and 
cefazolin. In: Grayson ML, Crowe SM, McCarthy JS, et al 
(eds). Kucers’s the use of antibiotics, 6th ed. London: Hod-
der Arnold, 2010, pp 257–267.

	 7	 Wilkens B, Sullivan P, McDonald TP, et  al. Effects of 
cephalothin, cefazolin and cefmetazole on the hemostatic 
mechanism in normal dogs: implications for the surgical 
patient. Vet Surg 1993; 24: 25–31.

	 8	 Lee FH, Pfeffer M, van Harken DR, et  al. Comparative 
pharmacokinetics of ceforanide (BL-S786R) and cefazo-
lin in laboratory animals and humans. Antimicrob Agents  
Chemother 1980; 17: 188–192.

	 9	 Rosin E, Ebert S, Uphoff TS, et al. Penetration of antibiot-
ics into the surgical wound in a canine model. Antimicrob 
Agents Chemother 1989; 33: 700–704.

	10	 Richardson DC, Aucoin DP, DeYoung DJ, et al. Pharmaco-
kinetic disposition of cefazolin in serum and tissue dur-
ing canine total hip replacement. Vet Surg 1992; 21: 1–4.

	11	 Rosin E, Uphoff TS, Schultz-Darken NJ, et  al. Cefazolin 
antibacterial activity and concentrations in serum and the 
surgical wound in dogs. Am J Vet Res 1993; 54: 1317–1321.

	12	 Petersen SW and Rosin E. Cephalothin and cefazolin in 
vitro antibacterial activity and pharmacokinetics in dogs. 
Vet Surg 1995; 24: 347–351.

	13	 Marcellin-Little DJ, Papich MG, Richardson DC, et al. Phar-
macokinetic model for cefazolin distribution during total 
hip arthroplasty in dogs. Am J Vet Res 1996; 57: 720–723.

	14	 Roy BK, Singh KK, Yadav KP, et al. Pharmacokinetics of 
cefazolin with and without probenecid in febrile goats. 
Small Ruminant Res 1999; 32: 13–19.

	15	 Sams RA and Ruoff WW, Jr. Pharmacokinetics and bio-
availability of cefazolin in horses. Am J Vet Res 1985; 46: 
348–352.

	16	 Soback S, Bor A and Ziv G. Clinical pharmacology of 
cefazolin in calves. J Vet Med A 1987; 34: 25–32.

	17	 Fossum TW. Small animal surgery. 4th ed. St Louis, MO: 
Elsevier Mosby, 2013, pp 89–94.

	18	 Bamberger DM, Foxworth JW, Bridwell DL, et al. Extra-
vascular antimicrobial distribution and the respective 
blood and urine concentrations in humans. In: Lorian 
V (ed). Antibiotics in laboratory medicine, 5th ed. Phil-
adelphia, PA: Lippincott Williams & Wilkins, 2005, pp 
719–814.

	19	 Arret B, Johnson DP and Kirshbaum A. Outline of details 
for microbiological assays of antibiotics: second revision. 
J Pharm Sci 1971; 60: 1689–1694.

	20	 Gibaldi M and Perrier D. Pharmacokinetics. 2nd ed. New 
York: Marcel Dekker, 1982.

	21	 Schwartz G. Estimating the dimension of a model. Ann 
Stat 1978; 6: 461–464.

	22	 Yamaoka K, Nakagawa T and Uno T. Application of 
Akaike’s information criterion (AIC) in the evaluation 
of linear pharmacokinetic equations. J Pharmacokinet Bio-
pharm 1978; 6: 165–175.

	23	 Wold JS. Rapid analysis of cefazolin in serum by high-
pressure liquid chromatography. Antimicrob Agents  
Chemother 1977; 11: 105–109.

	24	 Nannini EC, Singh KV, Arias CA, et al. In vivo effects of 
cefazolin, daptomycin, and nafcillin in experimental 
endocarditis with a methicillin-susceptible Staphy-
lococcus aureus strain showing an inoculum effect 
against cefazolin. Antimicrob Agents Chemother 2013; 57: 
4276–4281.

	25	 EMEA. Cefazolin: extension to sheep and goats. http://
www.ema.europa.eu/docs/en_GB/document_library/
M a x i m u m _ R e s i d u e _ L i m i t s _ - _ R e p o r t / 2 0 0 9 / 1 1 /
WC500011852.pdf (1996, accessed July 29, 2016).

	26	 Albarellos GA, Montoya L, Lupi MP, et  al. Plasma phar-
macokinetics, tissue concentrations and urine elimina-
tion after cephalothin intravenous administration to cats 
under surgical conditions. Vet Sci Develop 2015; 5: 5742.

	27	 Mouton JW, Theuretzbacher U, Craig WA, et  al. Tissue 
concentrations: do we ever learn? J Antimicrob Chemother 
2008; 61: 235–237.

 at CORNELL UNIV on September 13, 2016jfm.sagepub.comDownloaded from 

http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2009/11/WC500011852.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2009/11/WC500011852.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2009/11/WC500011852.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2009/11/WC500011852.pdf
http://jfm.sagepub.com/



